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(S) Silicone elastomer compositions. 



@ Addition curable eiastomeric silicone rubber compositions are produced which exhibit good tear 
strength, good tensile strength, and excellent compression set properties. The blend includes an 
organopoiysiloxane gum, a precipitated silica filler, a cross-iinlcing agent and an addition cure or 
platinum catelyst to produce a cured silicone elastomer which has a compression set similar to 
peroxide cured compositions. 
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FIELD OF THE iNVENTiON 

The present invention relates to addition cured silicone elastomer compositions. More particularly, the in- 
vention relates to platinum catalyzed addition cured silicone elastomer compositions containing precipltat d 
5 silica which provide improved resistance to compression set comparable to that obtainable from a peroxid 
catalyzed cure of the same composition. 

BACKGROUND OF THE INVENTiON 

10 Platinum catalyzed addition cured silicone rubber compositions are known in the art Such compositions 
are known for their ability to resist change at elevated temperature and exposure to adverse conditions over 
extended periods of time. 

Addition curing does not result in the formation of decomposition products. As a result, addition curing Is 
particularly attractive when producing products which contact food. Also, addition curing is usually faster than 
15 peroxide curing and often results In different properties. For example, addition cured compositions generally 
have better tear resistance than peroxide cured compositions using the same starting materials. 

Efforts have been made to produce addition cured silicone elastomer compositions having good tear and 
elongation. A problem with such efforts, however, has been relatively poor compression set resistance when 
compared to a peroxide catalyzed cure of the same composition. The use of addition cured silicone elastomers 
20 in sealing and gasketing applications Is thereby signlf icantiy limited. 

Although curable silicone rubber compositions having good tear strength and elongation are known In the 
art, addition cured compositions having good resistance to compression set are desired. 

SUi^MARY OF THE INVENTION 

25 

The present Invention Is based upon the discovery that addition curable rubber compositions exhibiting 
good resistance to compression set may be produced by employing a precipitated silica filler. Catalysts which 
promote an addition cure reaction e.g., noble metals such as Ft, Rh and Pd and rare earth alkali metals such 
as Cs (hereinafter addition cured catalysts) and particularly Ptare useful catalyzing agents. 

30 According to the present Invention, compositions can be produced which, upon curing in the presence of 
an addition cure catalyst, exhibit good tear strength and elongation properties and good resistance to com- 
pression set comparable to that obtainable from a peroxkJe catalyzed cure of the same composition. The conv 
positions are easily processed and produce repeatable and consistent results. 

One embodiment of the Invention comprises (A) an organopolysiloxane gum, (C) a precipitated silica filler 

35 and (G) an organohydrogenslloxane cross-linking agent. The mixture produces a silicone compound which is 
addition curable in the presence of (P) a platinum catalyst or other addition cure catalyst. 

Unless otherwise specifically noted herein, the amount stated for each of the various components com- 
bined to form the compositions of the invention is intended to indicate an approximate value. Failure to par- 
ticularly state an approximate value in each case however should not be construed as a requirement for an 

40 exact amount. For example, in one group of addition cured compositions, blends are formulated which conv 
prise, by weight: 

(A) 100 parts by weight of vinyl-stopped diorganopolysiloxane having a viscosity of about 3,000,000 to 
about 100,000,000 centipoise (cps) at 25^C; 

(B) up to 30 parts by weight based on Component (A) of (1) an organopolysiloxane resin copolymer. The 
46 resin copolymer may contain RaSiOi/: monofu notional units (M units) and Si02 quadrl-fu notional units (Q 

units), where each R Is independently selected from the group consisting of vinyl radicals and monovalent 
hydrocarbon radicals free of aliphatic unsaturation. The ratio of M units to Q units ranges from about 0.5:1 
to about 1.5:1. The resinous copolymer contains from about 0.5 to about 10.0 weight percent vinyl groups. 
Alternatively, Component (B) may comprise (2) an oiganopolyslloxane resin copolymer containing M 

so and Q units as aforesaid and R2Si02a difunctional (D units) where each R is independentiy selected from 
the group consisting of vinyl radicals and monovalent hydrocarbon radicals free of aliphatic unsaturation. 
Each M unit may represent M or M' e.g. M-vinyt units, and each D unit may represent D or D' e.g. D-vinyi 
units. The ratio of M units to Q units Is from 0.5:1 to about 1.5:1 and the D units are present In an amount 
of from about 1 to 70 mol percent based upon the total number of mols of siloxy units In the copolymer. 

ss The resinous copolymer contains from about 0.5 to about 10.0 weight percent vinyl groups. The organo- 
polyslloxan resin copolymer of Component (B) may contain mixtures of the MQ and the M D-vlnyl Q, res- 
ins. 

(C) a precipitat d silica; 
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(D) up to ab ut 1 00 parts based upon Component (A) of a vinyl containing polymer including a vinyl^stopped 
polymer, r a vinyl- n-chain polymer, r a vlnyl-on-chain, vinyl-stopped polym r or mixtures thereof, and 
having up t about 5 weight percent vinyl; 

5 (G) a hydride crossiinking agent in the form of a random copolymer formed f a polydimethyl siloxan 

(PDMS) and a polymethyl hydrog n siloxane (PMHS) having the formula: 

R23SIO(SiORi H)x(SiORi2)ySiR23 
wherein each R^ is Independently chosen from a monovalent hydrocarbon radical free of aliphatic unsa- 
turation containing 1 to about 8 carbon atoms and wherein each R^ is independently chosen from a hydro- 
10 gen or monovalent hydrocarbon radical free of aliphatic unsaturation containing 1 to about 8 carbon atoms, 
and x and y range from about 2 to about 100. In the present invention, the hydride is present in an amount 
ranging from about 0.1 to 10 weight percent of Component (A), preferably 0.5 to 8, and more preferably 
0.8 to 2.5 parts by weight In Component (G) X and Y may vary so that (G) has a viscosity ranging from 
about 5 to 500 cps, preferably from about 10 to about 100 cps and more preferably from about 10 to 50 
IS cps at 25''C. 

(PI) a platinum catalyst for promoting an addition cure reaction; and 
In order to improve properties or processing, the composition may also contain: 

(E) up to about 2 parts by weight of a tetramethyl-divinyl silazane based upon Component (A); and 

(F) up to about 1 0 parts by weight based upon Component (A) of a processing aid comprising low viscosity 
20 silanol stopped siloxane fluid of a about 3 to 500 centlpoise at 25*'C, or a dimethyl methoxy siloxane poly- 
mer, or similar compositions such as silanol or methoxy fluids of other viscosities. 

From 1 5 to 20 percent of a cyclic methyl tetramer may be used to treat the filler prior to compounding. 

(I), an acid acceptor such as magnesium oxide In a vinyl containing gum may also be employed. 

(C3), a finely divided fomed silica filler may be employed In addition to (CI); 
25 A small amount of water may also be added to Increase the processlbility of the blend. If used, only up to 
about 0.1 parts by weight water based on Component (A) is usually employed. 

in addition to the foregoing, (K) a heat aging component such as fumed 1102. iron octoate, Ce(0H)4, or 
mixtures thereof, may be present in relatively small amounts, e.g., up to 2 parts by weight based upon Com- 
ponent (A). In the examples below the heat aging component consists of 33 weight percent Ti02> 2.5 weight 
30 percent iron octoate solution (which comprises about 12 weight percent iron in mineral spirits), 10 weight per- 
cent treated fumed silica (160 m^/gm), and 50 weight percent of an 800 penetration vinyl-stopped, vinyl-on- 
chain gum. 

The compositions of the present Invention provide addition cured silicone elastomers having high tear 
strength and elongation and good resistance to compression set. This excellent balance of properties is ex- 
35 hibited throughout extended periods of use at high temperatures making these compositions extremely attrac- 
tive for gasketing, sealing and vibration dampening applications. 

DESCRIPTION OF THE INVENTION 

40 The compositions of the present invention generally contain (A) an oiiganoslioxane gum or gums having 
a viscosity of about 3.000,000 to 100,000.000 cps at 25''C; (C) a precipitated silica filler 

; (G) an organohydrogensiloxane cross-linking agent; and 
(P) an addition cure catalyst (e.g., Pt). Combinations of various other components as described herein may 
also be added. 

45 Component (A) is preferably a vinyl containing diorgano siloxane gum or blend of such gums having a vis- 
cosity from about 3,000,000 to about 100,000,000 cps at 25''C. Preferably, the gum has a viscosity of between 
about 7,000.000 and 84.000,000 cps, more preferably, about 13,000,000 cps at 25''C. The gum is preferably 
vinyl-stopped and has substantially no vinyl-on-chaln. The organo groups in the gum should ail be monovalent 
hydrocarbon radicals. The gum may have a weight percent vinyt concentration of from about 5x1 0-^ to about 

so 1 . The gum preferably has a weight percent vinyl concentration in the range from about 6.5x1 0-^ to about 0.03, 
more preferably from about 8x1 0-^ to about 1.5x10-2 and more preferably yet from about 8x10-3 to about 
1 .2x1 0-2. The organo groups in the vinyl polymer or polymers of the gum should all be monovalent hydrocarbon 
radicals. 

In a preferred embodiment, Component (A) has the structure: 
55 ViSiOR^2 (SiORi2)x(SiOR22)y SIR^zVi; 

wherein Vi Is vinyl and each R^ Is independently chosen from monovalent hydrocarbon free radicals free of 
aliphatic unsaturation and c ntalning 1 to about 8 carbon atoms; each R^ is independently chosen from mono- 
valent hydrocarbon radicals containing 1 to about 8 carbon atoms; and x and y are integers chosen such that 
the viscosity is about 3,000,000 to about 100,000,000 cps at 25''. In other preferr d mbodiments, x and y are 
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integers chosen such that Component (A) has a viscosity which ranges from about 3.000,000 to about 
65,000,000 cps at 25*^0 and a weight percent vinyl, concentration In the rang from about 5x10-^ to about 
2x10^. preferably from ab ut 8x10-^ t ab ut 1.5x10-2 and nnore preferably from about 8.0x1 to about 
5 1.2x10-2. 

In accordance with the Invention, the amount of Component (A) present in the final product may vary. How- 
ever, for purposes of explanation herein, it is assumed that 100 parts by weight of gum Is combined with varying 
amounts of the other components, and the amount of gum in the final product may thereby be inferred. In the 
Examples below. Component (A1) is a vinyl-stopped gum of about 6000 D units in length, has substantially no 
10 vinyl-on-chain and has a penetration of about 1 600. (A2) Is similar having about 9000 D units and a penetration 
of about 300. 

Penetration is measured using. Universal Penetrometer by Precision Scientific Model No. 73510 with a 
substantially air free sample. The sample penetration is measured at 25''C±1''C using a 100 gm weight and a 
1/4" diameter by 3/16" needle foot with rounded edges. The needle Is lowered until It Just touches the surface 
f5 of the polymer. Then, the time to achieve up to 300 mm penetration is determined or the amount of penetration 
after 60 sec. Penetration gum is defined as: 

DepthofPenetratlon^gp^^^ 3j25»C 
Time 

Penetration may be controlled by controlling the molecular weight and the viscosity of the gum. 

20 Component (B) may be (1) an organopotysiloxane resin copolymer In an appropriate solvent (e.g. (a) xylene 
or (b) an organosiloxane oil). The resin copolymer may contain RaSiOi/j monofunctlonal units (M units) and 
Si02 quadri-functlonal units (Q units), where each R is independently selected from the group consisting of 
vinyl radicals and monovalent hydrocarbon radicals free of aliphatic unsaturation. The ratio of M units to Q units 
ranges from about 0.5:1 to about 1.5:1. wherein about 0.5 to 10.0 weight-percent are vinyl groups. 

25 Alternatively, Component (B) may comprise (2) an oiganopolysiloxane resin copolymer containing M and 
Q units as aforesaid and R2Si02/2 dlfunctionai (D or D vinyl units), in an appropriate solvent [(a) or (b) above], 
where each R is Independently selected from the group consisting of vinyl radicals and monovalent hydrocar- 
bon radicals free of aliphatic unsaturation. The ratio of M units to Q units Is from 0.5:1 to about 1.5:1 and the 
D or D vinyl units are present in an amount of from about 1 to 70 mol percent based upon the total number of 

30 mols of siloxy units in the copolymer. The resinous copolymer contains from about 0.5 to about 10.0 weight 
percent vinyl groups. The organopolysiloxane resin copolymer of Component (B) may contain mbctures of the 
MQ and the M-D vinyl-Q. resins. 

The organopolysiloxane resin copolymers of Component (B) in the present composition and their manu- 
fecture are well known In the art Such resins are usually produced by hydrolysis of chlorosllanes in a process 

35 described in U.S. Patent No. 3,436,366 which is incorporated herein by reference. 

Component (B) may be present in the composition of the present invention in an amount ranging from about 
1.0 to about 30, preferably from 1.0 to 20 and more prefer-ably from 4 to about 12 parts by weight based on 
Component (A). Component (B2a) in the Examples below comprises (B2) dispersed in xylene. IVluch of the 
xylene has been vacuum stripped so as to result In a composition comprising 60% by weight solids and 40% 

40 by weight xylene. Component (B2b) is a solution of 25% resin in a vinyl chainstopped organopolysiloxane oil 
of about 11 00 D units and about 75,000 ctsk at 25°C. 

The process for manufacturing the composition Includes a cook and strip step tofacOitate the removal of 
the residual xylene or other light components from the finished compound. 

Component (C) comprises up to about 200, preferably from about 1 to about 1 00 and more preferably from 

45 about 1 0 to about 50 parts by weight based on Component (A) of precipitated silica. An additional and optional 
reinforcing filler such as fumed silica may be used. The filler may be pre-treated or treated in-situ with various 
agents, for example cydopolysiloxanes as disclosed in U.S. Patent No. 2,938,009 to Lucas and silazanes as 
disclosed in U.S. Patent No. 3,635.743 to Smith. The cydopolysiloxanes may be, for example, a cyclotetra- 
methyl slloxane present In the amount of about 15 to 20 weight percent of the filler. The precipitated silica fillers 

50 may have a surface area of about 100 m^/gm to about 300 m^/gm and preferably about 100 m^/gm to about 
1 80 mVgm. The higher surface area fillers tend to result in better properties, however, they are more expensive 
than the lower surface area fillers and require surface treatments or more processing aid to incorporate them 
into the gum. 

In the Examples below, the Component (CI) comprises a precipitated silica having a surfece area of about 
55 140 mVgm and designated as FK 140. sold by Degussa Corporation, Ridgef leld Park, New Jersey. Component 
(C2) is a precipitated silica designated as FK 160, also sold by Degussa Corporation has a surfac area of 
about 160 m^/gm. 

Optionally, and in addition to Component (C), Component (C3), a fumed silica having a surfac area of 
about 160 m?/gm which has been pr treated with octamethyl cyd tetraslloxane may be employed. 
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(C4) is a pr cipitated silica filler s Id under the tradename Hl-Sil 91 5 comprising about 93% Si02 hydrate, 
< 0.5 NaS04, a surface area f about215m2/gm, andaparticl size of ab ut 3^. The material is not preferr d 
for use In th invention b cause It is believed to contain an unknown component which seems to inhibfit the 
5 addition cure feactlon. as sh wn, In Example XXVI. It does not appear to Interf r with peroxide curing as 
shown In Example XXVIII. 

Preferably, Component (D) is added In an amount of up to about 1 00 parts by weight based on Component 
(A). The actual amount of Component (D) to be added varies depending upon the vinyl content and the amount 
of cross-linking desired for controlling the properties exhibited by the cured product. 

10 According to an embodiment of the present inventkin, Component (D) may be a vinyl-on-chain polymer 
such as diorganosiloxane gum having a vinyl content of up to about 4 weight percent vinyl, or higher. In the 
example Component (D), has about .6 weight percent vinyl. 

Alternately, Component (D) may be a vinyl-on-chain, vinyl-stopped gum containing from about 5x10^ up 
to about 1.0 weight percent vinyl. When using a vinyl-on-chain, vinyl chain-stopped gum, about 0.1 to about 

15 100 parts by weight are added based on Component (A). 

The vinyl polymer or polymers of Component (D) may contain vinyl-on-chain groups and vinyl or methyl 
end-groups. In preferred embodiments, Component (D) has the formula: 

SiOR^a (SIORiRv>)x(SIOR22)y SIRI3 
Wherein R^ is a vinyl radical having from 2 to about 10 carbon atoms, each R^ Is independently chosen 

20 from a vinyl radical having from 2 to about 10 carbon atoms, and a monovalent hydrocarbon free radical free 
of aliphatic unsaturatlon and containing 1 to about 8 carbon atoms, each R^ Is a monovalent hydro-carbon free 
radical free of aliphatic unsaturatlon and containing 1 to about 8 carbon atoms, and x and y are integers, wherein 
X, y, Ry\ Ri and R^ are chosen such that Component (D) has a weight percent vinyl concentration in the range 
from about 5x1 0-^ to about 4 weight percent, preferably from about 0.01 to about 4, and nnore preferably from 

25 about 0.03 to about 4. The amount of Component (D) added to the blend may be Increased when the vinyl 
concentration of Component (D) Is low, and a lesser amount of Component (D) may be added when its vinyl 
concentration is high. For example, when using a vinyl-on-chain gum having a vinyl content of about 4 weight 
percent, only about 0.5 parts by weight based on Component (A) is added. When using a gum having a vinyl 
content of only about 0.6 weight percent, however, 5 parts by weight are added based on Component (A). 

30 The vinyl-on-chain units of Component (D) provide increased cross-linking of the cured rubber and en- 
hance those properties necessary for use In gasketing, sealing and vibration dampening applications. 

The vinyl containing polymers of Component (D) can be made by a process well known In the art, for ex- 
ample, by reacting cydotetrasiloxanes In the presence of low molecular weight, linear vinyl chain stoppers at 
high temperatures in the presence of basic catalysts so as to yield a polymer of the desired molecular weight 

3$ When the reaction Is over, the catalyst is neutralized and the excess cycllcs are vented off to result in the de- 
sired polymer. By controlling the amount of chain stopper and the temperature of the reaction, the molecular 
weight of the desired vinyl-contalning polymer end product can be controlled. For more details of the process 
by which such vinyl containing polymers are produced, reference is made, for example, to U.S. Patent No. 
3,680.345. which Is incorporated herein by reference. 

40 Component (E) is a vinyl terminated silazane coupling agent and surface treatment for the filler which may 
take the form: 

ViSiRzNHSIRaVi 

wherein R is an organic such as CIH3. The coupling agent promotes bonding between Components (A) and (C) 
and between components (B) and (C), and may be applied to the filler, Component (C). prior to mixing with 
46 the other components. 

Component (E) may be vinyl stopped linear silazane such as tetramethyl-divinyl silazane. The material is 
added for enhancing the bonding of filler to polymer. In the present Invention, the silazane also acts as a filler 
treatment In-situ. 

Component (E) is preferably present In an amount of up to about 2 percent, more preferably up to about 
so 0.3 percent by weight based on the weight of Component (A). Component (E) may be present In an amount 
of only about 0.03 parts by weight based on 100 parts of Component (A), however, slightly higher amounts 
are preferred. 

In addition to. In conjunction with, or In place of Component (E), small amounts of hexamethyl disilazane 
may be used to treat fumed silica filler prior to mbdng the filler with the other components, or In-sltu. If used, 
55 up to about 20 parts by weight of hexamethyl disilazane is added based on 100 parts filler. 

Other components may als be employed as discussed hereinafter. For example, in order to allow for eas- 
ier Inc rporation of the filler In the gum. Component (F), a processing aid or plasticiz r is employ d. In the 
preferred embodiment, Component (F) is a low viscosity silanol stopped siloxane fluid having a viscosity rang- 
ing from about 3-500 cps and preferably 3 to 50 cps at 25^C. The siloxan fluid Is an equilibrium mix of low 
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molecular weight oligomers of about 4 to about 1 0 D units, preferably between 4 and 6 repeating units in length 
with a minimum amount of cyclics in quDibrium with the oligomers. Th processing aid (F) may hav th form 
of (R2SiOi/2}xOH wh re each R Is CH3 and x is b tw n 4 and 10, pref rably betwe n 4 and 6, with resulting 
5 cydicsofthesamenumberofunitsinequilibrium.Aikoxyterminatedslloxanessuchasmeth xysil xanehav- 
ing an alk xy content f from about 5.5 to about 6 percent methoxy and a viscosity of about 5-11 centistokes 
having the form: 

(ROSiR2)z(SiOR2)x 

where R is CH3 may also be used as process aids. In the present inventton, the processing aids are present 

10 in amounts between 2 and 1 0 weight percent of Component (A) preferably between 2.5 and 5.0 parts by weight 
and most preferably about 3.5 parts by weight based on Component (A). It should be understood that typically 
the more filler that is used the greater amount of processing aid is employed, in the Examples below. Com- 
ponent (F) has a silanol content of about 7.5 % by weight although a silanol content of about 5 to about 10 
weight percent Is expected to provide good results. 

IS In addition to the foregoing, Component (G) in the form of a hydride cross-linking agent may be employed, 
in a prefierred embodiment, Component (G) may be a random copolymer formed of a poiydimethyl siioxane 
(PDMS) and a polymethyl hydrogen siioxane (PMHS) having the form: 

R23SiO(SiOR< H)x(SiOR^2)ySiR23 
where each R^ is independently chosen from a monovalent hydrocarbon radical free of aliphatic unsaturation 

20 containing 1 to about 8 carbon atoms and wherein each R^ is Independently chosen from a hydrogen or mono- 
valent hydrocarbon radical free of aliphatic unsaturation containing 1 to about 8 carbon atoms, and x and y 
range from about 2 to about 100. In the present invention, component (G) is present in an amount ranging from 
about 0.1 to 10 weight percent of Component (A), preferably 0.5 to 8, and more preferably 0.8 to 2.5 parts by 
weight in Component (G) x may vary so that (G) has a viscosity ranging from about 5 to 500 cps, preferably 

25 from about 10 to about 100 cps and more preferably from about 1 0 to 50 cps at 25''C. 

The linear hydride described above can be made by many procedures which are known in the art and par- 
ticularly by the hydrolysis of appropriate chlorosllanes. See for example, U.S. Patent No. 4,041,101 which is 
incorporated herein by reference. In the Examples below, Component (G) has a viscosity of about 30 centis- 
tokes, a hydride content of about 0.8 percent by weight or more, and a chain length of about 100 units. 

30 A small amount of water may also be added to increase the processibliity of the blend. If used, only up to 
about 0.1 parts by weight water based on Component (A) is usually employed. 

To improve the heat-age resistance of the cured compositions of the present invention, Component (H), 
a heat-age additive, may be employed. The heat aging component such as fumed Ti02. iron octoate, Ce(0H)4, 
or mbctures thereof, may be present In relatively small amounts, e.g., up to 2 parts by weight based upon Com- 

35 ponent (A). In the examples below the heat aging component consists of 33 weight percent Ti02, 2.5 weight 
percent iron octoate (12% iron In mineral spirits), 10 weight percent treated fumed silica (160 m^/gm), and 50 
weight percent of an 800 penetration vinyl-stopped, vinyl-on-chain gum. 

Only up to about 2 parts by weight Component (H) is needed based on Component (A) to improve the heat- 
age characteristics of the composition. 

40 in the present invention, Component (I) comprises from about .05 to about 10 parts by weight based upon 
Component (A) of an acid acceptor such as magnesium oxide (MgO). In the examples below, the magnesium 
oxide may be added as a master batch that is 25% Magiite D-1685 available from Whittaker, Clark and Daniels, 
in a VOC polymer containing about .2 wt. % vinyl. 

Other components which may be added to the blends of the present invention include, but are not limited 

45 to: 

(K) a heat age additive comprising cerium hydroxide, preferably about 75% by weight, master-batched in 
polydlmethylsiloxane fluid having a viscosity of about 30,000 cps at 25'^C. 

In the present Inventbn, Components (H), (I) and (K) are generally added to the HCR compounds after 
the materials have been formulated and passed through a cook cycle to remove voiatiles. The temperature 

so during the addition is less 80''C, and the additions are preferably made when the compound is in the dough- 
mixer. Alternatively, these Components may be added to the compound while being banded on a rubber 
mill. Either mode of addition is performed until the Component is thoroughly dispersed. 
(L) a dimethyl polystloxane gum having a penetration of 800 and containing about 7000 D units may be 
blended into the composition. Component (L) is employed in two of the examples below. 

55 (M) a pigment such as carbon black In a PDMS master batch sold by Kenrlch Corp may be used. The ma- 
terial is essentially Inert and is primarily for aesthetics. 

Inord r to form a curable rubber having desirable prop rties according to the present inv ntion. (P) a cat- 
alyst capabt of initiating an addition cure reaction is r quired. In particular, because it is desirabi to improve 
cure times and reduce decomposition products in vari us applications, a platinum catalyst is preferred. Other 
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noble metals e.g., Rh and Pd and rare earth alkali metals such as Cs are effective addition cured catalysts. 
Compositi ns containing fumed silica formed with such catalysts t ndtohav p or resistance t compression 
set comparable t that btainabi from a peroxide catalyzed cure of the same composition. 

However, it has been found that precipitated silica filler when used in combination with such catalysts re- 
sults In a composition having good resistanc to compression set Although many commercial sources of pla- 
tinum catalyst can be successfully employed, the exemplary platinum catalyst (P1) Is a platinum based conv 
pound consisting generally of a silicone rubber compound containing 2800 ppm platinum. Preferably the pla- 
tinum complex Is derived from a chloroplatinlc add. 

In order to evaluate results obtained with the platinum catalyst (P1). an organic peroxide catalyst (P2) has 
been employed. The peroxide catalysts are thermal decomposition organic peroxides conveniently used to 
cure silicone elastomers. Examples of suitable organic peroxide free radical Initiators for use In the present 
invention are disclosed, for example, in U.S. Patent No. 4,539,357 to Bobear which is incorporated herein by 
reference. 

In the examples below, (P2) is Lupersol*™ 101 sold by Lucldoi Division of Penwalt Corp. which Is a paste 
comprising 2,5 dimethyl-2,5-di(t-butyl peroxy) hexane which is on a carrier (calcium carbonate) and dispersed 
in a potydimethylsiioxane fluid having a viscosity of 30,000 cps at 25''C. The composition contains about 33 
weight percent peroxide and requires about 1.2 parts of the master batch to provide about 0.4 parts of active 
peroxide. 

EXAMPLES 

The following Examples shown below used components mixed in various proportions to produce silicone 
rubber compositions. Of particular interest are the compositions based upon precipitated silica filler that dem- 
onstrate good resistance to compression set 
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BASE COMPOSITIONS 1 AMfp 2 

(Base 1 and 2) 



10 



IS 



20 



25 



30 



35 



40 



45 



Comoonanfc 

A2 
B 

CI 

C3 

B 

F 

6 

H 

I 



Example 



Base 1 
Parts/wt. 

76.2 
23.8 

30.0 

O.IS 

4.0 

1.8 

1.2 

1.6 

0.1 



Base 2 

Parf/Wfc. 

76.2 
23.8 
30.0 

0.15 

4.0 

1.8 

1.2 

1.6 

0.1 



II 



111 IV 

S^sism^ iaxia/a^ Sastals^ SsKis/st^ 



100 



1.2 



100 
1.0 



100 
1.2 



Base 1 100 
Base 2 

Shore A 
Tensile (psl) 
Elongation % 
Tear (ppi) 
loot modulus 
(psi) 

Comp, set* 
t examples (22 hours at 350* F) 



44 

1700 
1050 
182 
127 


48 

1429 

852 

167 

159 


35 

1260 
926 
125 
109 


39 

925 

736 

71 

130 


68.8 


21.3 


22.6 


15.6 



SO 



55 
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5 



10 



15 



35 



40 



BASE COMPOSITIONS 3 AND 4 (Base 3 and 4) 


Component 


Base 3 PartsA/Vt 


Base 4 Parts/Wt 






A 


78 


78 






CI 


40 


-- 






C3 


- 


38 






D 


22 


22 






E 


0.1 


0.1 






F 


3 


3 






G 


1.5 


1.5 






HaO 


- 


0.1 






Example 


V Parts/Wt. 


VI Parts/Wt 


VII Parts/Wt 


VIII Parts/Wt 


Bases 


100 


100 


- 


- 


Base 4 


- 




100 


100 


H 


0.8 


0.8 


0.8 


0.8 


1 


1.0 


1.0 


1.0 


1.0 


P2 


1.2 


1.2 


1.2 


1.2 


M 


0.5 


- 


0.5 


- 


P1 


- 


1.2 


- 


1.2 


Properties 










Shore A 


56 


55 


52 


53 


Tensile (psi) 


1065 


970 


1285 


1340 


Elongation % 


360 


416 


555 


658 


Tear (ppl) 


73 


235 


267 


303 


100% modulus 


326 


312 


268 


333 


Comp. set 


15.5 


12.7 


27.1 


57.4 



45 Fumed silica with PI yields poor compression set 

Precipitated Silica with PI yields good compression set 



50 



55 
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5 



10 



15 



BASE COMPOSITION 5 (Base 5) 


Component 


Base 5 Parts/Wt. 




A 


65 




CI 


39 




D 


15 




E 


0.08 




F 


3.0 




G 


1.4 




L 


20 




Example 


IX Parts/WL 


X Parts/Wt. 


Base 5 


100 


100 


H 


1.2 


1.2 


1 


1.5 


1.5 


PI 


1.2 


- 


P2 




1.2 


Properties 






Shore A 


45 


47 


Tensile (psi) 


1140 


1093 


Elongation % 


693 


563 


Tear (ppi) 


210 


270 


100% modulus 


182 


182 


Comp. set 


17.6 


15.0 



40 Precipitated silica and PI : No loss of compression set 



45 



so 
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PASg COMPOSITIQMff ff ftpp 7 

(Base 6 and 7) 



Component 



A 

CI 

C3 

D 

E 

F 

6 

H2O 



Base 6 

Parts/Wfc^ 

78 

32 
22 
.1 
3 

1-5 
1.0 



Base 7 

78 
32 

22 
.1 
3 

1.5 



Km « 
B«M 7 

92 

rt 
■ 

X 
N 



gun ft ^ 
anon i 



109% Molu 



B«<lt Ag« t<Sh/3S0r 

Shon A 
Tynan. |psl| 

T*«r ■ 

ShorS h 

Eloa««tloii % ^ 
tmmr B 



xz 

Parts 

ift. 

100 

oTo 

1.0 



40 

U40 

071 
240 
200 
22.0 



xzx 



S4 

1140 
S20 

230 



47 

1100 

014 

220 

210 

10«2 



100 



1.2 
0.0 

1.0 

o.s 



40 

143J 
020 
247 
200 
22.7 «• 



SO 
1147 
932 
290 



40 

1390 

794 

297 

190 

91.0 



XZZZ 

Puts 

100 

o7o 

1.0 

0.9 



47 



01 

107 

17.4 



90 
020 
390 
210 



xzv 
Parts 



too 



XV 

Parts 



2.0 
0.0 
1.0 

o.s 



90S 
227 
19J 
17.2 



40 

000 



244 



90 
90 
1.2 

0.9 

1.0 
0.9 



47 

1037 

930 

199 

202 

21.1 



92 
1012 
440 
221 



xvz 



90 
90 

1.2 
0.0 

1.0 
0.9 



40 

1019 

179 

240 

230 

23.7 



92 
1003 
421 
242 



XZ and XZZ Mm nm twle«. 



\ "-jSrJiW'toir'^^ ^ 



w in tJM data vhldi 
a aora aeoarata 
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BASE COMPOSITIONS 8. 9 AND 10 (Base 8. 9 and 10) 


5 


Compo- 


Base 8 
Parts/Wt. 


Base 9 


Base 10 










nsnt 


raris/wi. 


raris/wi. 










A 


78 


78 


78 








10 


CI 
C2 
D 


38 
22 


38 
22 


38 
22 








15 


E 
F 
G 


0.1 
2.5 
1.5 


0.1 
3.5 
1.0 


0.1 
4.0 
1.5 








20 


Example 


XVII 

Parts Wt. 


XVili Parts 
Wt 


XIX Parts WL 


XX Parts Wt. 


XXI Parts Wt. 


XXII Parts WL 




Base 8 


100 


100 






- 


- 




Base 9 






100 


100 






25 


Base 10 

P2 

PI 


1.2 


1.2 


1.2 


1.2 


100 
1.2 


100 
1.2 


30 


Proper- 
ties 
















Shore A 


57 


53 


54 


43 


54 


53 


35 


Tensile 
(psl) 


1122 


1161 


1158 


1048 


1126 


1145 




bionQa- 
tlon % 


406 


559 


432 


742 


499 


565 


40 


TearB 


84 


251 


81 


197 


109 


204 




100% 
modulus 


331 


318 


302 


201 


302 


316 


45 


SG 


1.145 


1.145 


1.143 


1.143 


1.140 


1.140 




Comp. 
set 


19.5 


26.4 


20.4 


42.9 


25 


25.2 




With these formulatbns it Is demonstrated that >1.0 pts/wt. of 6 is needed to achieve good PI cure with 


50 


precipitated silica. 
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BASE COMPOSITIONS 11 AND 12 (Base 11 and 12) 


Component 


Base 11 Parts/ Wt 


Base 12 Parts/Wt. 


A2 


85 


85 


D 


15 


15 


CI 


- 


25 


C3 


25 


- 


F 


2 


2 


G 


1.3 


1.5 


Example 


XXIIi Parts/Wt. 


XXIV Parts/Wt 


Base 11 


100 


- 


Base 12 


- 


100 


P1 


1 


1 


Properties 






Shore A 


30 


32 


Tensile (psi) 


1483 


1027 


Elongation % 


1043 


774 


Tear (ppl) 


164 


148 


100% modulus 


95 


125 


SG 


1.087 


1.093 


BAYShore Resilience 


60 


67 


Comp. set 


89.3 


27.6 
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BASE COMPOSITIONS 13 AND 14 (Base 13 and 14) 


5 


Comp nent 


Base 13 
Parts/WL 


Base 14 Parts/Wt. 








A 


80 






80 












03 


34 
















10 


04 

D 

E 


20 
0.1 






45 
20 
0.1 










IS 


F 
G 

H2O 


3 

1.5 
0.1 






3 
1,5 
0.1 










20 


Example 


XXV PartsMt. 


XXVI Parts/Wt. 


XXVII Parts/Wt 




XXVIII Parts/Wt 






Base 13 


100 








100 










Base 14 






100 








100 




25 


H 
1 

PI 


0.7 
0.9 
1.2 




0.7 
0.9 
1.2 




0.7 
0.9 




0.7 
0.9 




30 


P2 
M 

Properties 










1.2 
0.5 




1.2 
0.5 




35 


Shore A 
Tensile (psi) 
Elongation % 




49 
1092 
751 




37 
254 
340 




49 
1118 
605 




61 
1153 
372 


40 


Tear(ppl) 
100% modulus 
SG 




267 
190 
1.133 




85 
101 
1.169 




219 
214 
1.130 




93 
360 
1.166 


45 


Comp. set 




42.2 








24.6 




23.1 



As noted earlier in the description. Component (04) is a precipitated silica which does not appear to allow 
the addition cure reaction to proceed. Examples XXVi and XXVii contain Component (04). The properties of 
the platinum cured composition of Example XXVI (e;g. tensile, tear, and % elongation) are low In comparison 
to the corresponding properties of the peroxide cured composition of Example XXVII. Also, and importantly, 
the compositton of Example XXVI containing (04) did not cure in the presence of platinum as evidenced by 
the inability to discern a measurable compression set It Is thought that the (04) component contains a cure 
inhibitor which may be unique to the particular brand of precipitated silica, whereas other brands of precipitated 
silica, in particular, (01) and (02) sold by Degussa do not Inhibit the addition cure reaction and are thus sat- 
isfactory components effective for carrying out the invention. 

In accordance with the invention, it can be said that the precipitated silica in combination with a platinum 
or addition cur catalyst improv s compression set resistanc inacurabi rubber composition. Th usual ad- 
vantages of addition cure are present, i. .. increased elongation and improv d tear strength. 
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While there have been describ d what at present are considered to be the pr ferred embodiments of the 
pr s ntlnv nti n, it will be readily appar ntt those skilled in the artthatvari us changes may b mad th rein 
with ut departing from the invention and it Is intended In the claims to cover such Chang sandm difications 
5 as fall within the true spirit and scope of the invention. 



Claims 

10 1. A curable silicone rubber composition comprising in parts by weight 

(A) 1 00 parts by weight of an organopoiyslloxane having a viscosity of about 3 million to about 100 
million cps at 25''C; 

(C1) up to about 200 parts by weight based upon Component (A) ofa first filler consisting essentially 
of precipitated silica such that an addition cured composition results having a compression set comparable 
15 to that obtainable from a peroxide catalyzed cure of the same composition; 

(G) from about 0.1 to about 10 weight percent based on Component (A) of a hydride cross-linking 
agent; and 

(P) a catalyst which promotes addition cure of the composition. 

20 2. The composition of daim 1 . wherein the precipitated silica filler is present in an amount ranging from 1 to 
about 100 parts by weight based upon Component (A). 

3. The composition according to daim 1, further comprising (C3) a second filler of a fumed silica. 

4. The composition according to daim 1, further comprising 

(B) about 1 to about 30 parts by weight based upon Component (A) of an organopdysiloxane resin 
copolymer comprising: 

1) RaSiOia units (M units) and SIO2 units (Q units) where each R Is independently selected from the 
group consisting of vinyl radicals and monovalent hydrocarbon radicals free of aliphatic unsaturation 

^ with a ratio of M units to Q units ranging from 0.5:1 to about 1.5:1, where the copolymer contains from 

about 0.5 to 1 0 weight percent vinyl groups, or 

2) RaSiOta units (M units), SiOa units (Q units) and Rv'2Si02a units (D vinyl units) where each R is as 
defined above and each Is a vinyl containing radical having from 2 to about 10 carbon atonic, and 
where the ratio of M units to Q units Is from 0.5:1 to about 1 .5:1 , and the D vinyl units are present up 

^ to about 70 mol percent based upon the total number of mols of siioxy units in the copolymer, and where 

the resinous copolymer contains from about 0.5 to about 10.0 weight percent vinyl groups, or 

3) mixtures of 1 and 2. 

5. The heat cured silicone rubber composition of claim 1 , wherein Component (A) has the structure: 

ViSiORia (SiORi2)x(SiOR22)y SiR^zVi; 
^ wherein Vi is vinyl, and each R^ is independently chosen from monovalent hydrocarbon free radicals 

free of aliphatic unsaturation and containing 1 to about 8 carbon atoms; 

each R2 is independently chosen from monovalent hydrocarbon radicals containing 1 to about 8 
carbon atoms, and x and y are integere chosen such that the viscosity is about 3,000,000 to about 
100,000,000 cps at25^ 

45 

6. The composition according to daim 1, further comprising: 

(D) up to about 100 parts based upon Component (A) of a vinyl containing polymer having a vinyl 
content of up to about 4 weight percent, Component (D) Increasing the amount of cross-linking within the 
heat cured silicone rubber composition. 

so 

7. The heat cured silicone rubber composition of claim 1 , further comprising: 

(E) up to about 2 parts by weight of a tetramethyl-dlvinyl silazane based on 1 00 parts by weight of 
Component (A). 

55 6- The heat cured silicone rubber composition of claim 1 , further comprising: 

(F) up to about 10 parts by weight based upon Component (A) of a silanol stopped siloxane fluid 
having a viscosity of about 3 to about 500 cps at 25X. 

9. The heat cured silicone rubber composition of daim 1, wherein Component (G). Is an organohydrogensi- 
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iQxane cross-linking agent having a hydride content of about 0.8 perc ntbyw ight. 

10. The heat cured silicone rubber composition of claim 1 , further comprising Component (H) up to about 2 
parts by weight bas d upon Component (A) of a heat-age addltiv . 
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